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Type 2 diabetes mellitusAbstract Background: Diabetes is a chronic metabolic disease with impaired glucose tolerance.
Diabetic neuropathy affects sensory, autonomic, and motor neurons of the peripheral nervous sys-
tem so that nearly every type of nerve ﬁber in the body is vulnerable.
Objectives: Evaluation of variation in motor functions and postural sway in patients with type 2
diabetes mellitus (DM) and comparing the results with those obtained from the control group. This
will help in rehabilitation programs for diabetic patients to avoid postural instability and risk of
falling.
Methodology: Forty patients with the diagnosis of type 2 DM (group 1) participated in this
study and twenty subjects who had no diagnosis of type 2 DM were evaluated as a control group
(group 2). Blood glucose level of patients was measured then they referred to audiovestibular assess-
ment. Computerized dynamic posturography (CDP) was done in the form of motor control test and
functional limitation assessment; Tandem walk.
Results: Findings showed a statistically signiﬁcant difference between the study group and con-
trol group as regards response latency, speed of the forward progression and endpoint sway veloc-
ity. A statistically signiﬁcant correlation was found between response latency and speed of the
forward progression with FBS level in the study group.
Conclusions: Speed of the forward progression was less, however response latency and endpoint
sway velocity were more in diabetic patients in comparison with normal subjects. Response latency
and speed of the forward progression showed a statistically signiﬁcant correlation with FBS level in
diabetic patients.
ª 2014 Egyptian Society of Ear, Nose, Throat and Allied Sciences. Production and hosting by Elsevier
B.V. All rights reserved.1. Introduction
Diabetes mellitus (DM) is more common in elderly population
indicating that almost one sixth of elderly population has type
2 DM in the world.1,2 Therefore, clarifying the contribution of
diabetes to disability in elderly populations is important.
Diabetes is a chronic metabolic disease with impaired glucose
tolerance that may increase the risk of cardiovascular diseasesed.
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macrovascular complications.3 Neuropathies and musculo-
skeletal complications such as limited joint range and insufﬁ-
cient muscle strength are among the most common of all the
long-term complications of diabetes. The metabolic changes
in diabetes (microvascular abnormalities with damage to blood
vessels and nerves; and collagen accumulation in skin and per-
iarticular structures) result in changes in the connective tissue
and structure of a muscle.4 These changes cause a decline in
muscular functions. Decline in muscular function together
with peripheral neuropathies may increase risk for functional
dependency and frailty in type 2 diabetic people.5 A frequent
source of polyneuropathy is diabetes mellitus. Diabetic periph-
eral neuropathy is initially characterized by a reduction in
somesthesic sensitivity due to the sensitive nerve damage,
and with progression motor nerves are damaged.6
Diabetic neuropathy affects sensory, autonomic, and motor
neurons of the peripheral nervous system, which is to say that
nearly every type of nerve ﬁber in the body is vulnerable.
Moreover, every organ system in the body that relies on inner-
vation for function is consequently subject to pathology.
Therefore, diabetic neuropathy describes a number of unique
syndromes that are primarily classiﬁed by the nerve ﬁbers
affected. As for the disease course, it is fortunate that only a
minority of patients experience neuropathic pain but tragic
that a majority do not report symptoms until the complica-
tions are severe or irreversible.7
Ce´drick et al. (2009) found that among the complications
associated with diabetes mellitus is postural control. The gen-
eral observation is that postural sway is greater for people with
diabetes, especially if their condition includes neuropathy.
Peripheral sensory neuropathy seems to be the primary factor,
but the available evidence does not rule out diabetes per se,
other neuropathies (central, autonomic, motor), or an inability
to exploit fully optical and inertial information about posture.8
Automatic postural response system, rapid involuntary
reactions to support surface translation are triggered primarily
by proprioceptive stimuli. Vestibular and visual inputs modu-
late but are not likely to initiate these responses in isolation.9
Motor control test (MCT) measures the patient ability to
adapt increasing anterior and posterior rocking and body sway
through measuring weight symmetry, latency and amplitude of
the response. As regards functional limitation assessment;
Tandem walk quantiﬁes characteristics of gait as the patient
walks heel to toe from one end of the forceplate to the other.
2. Aim of the work
Evaluation of variation inmotor functions and postural sway in
patients with type 2 diabetes mellitus (DM) and comparing the
results with those obtained from normal adults subjects as a
control group. This will help in rehabilitation programs for
diabetic patients by improving the performance of those
patients to avoid postural instability and decrease risk of falling.Table 1 Mean and standard deviation of motor control test param
Group Weight symmetry (scores)
Group 1 102.275 ± 1.907
Group 2 104.05 ± 3.9753. Method
3.1. Subjects
- Study group: (group 1) consisted of forty patients with the
diagnosis of type 2 DM (for at least ﬁve years) with Fasting
Blood Sugar (FBS) test results more than 110 mg/dl,
selected randomly from the outpatient clinic of hearing
and speech institute. Their age ranged from 40 to 60 years
(with mean age = 54 years). None of them had a chronic
or acute illness that may affect balance. They had no
muscular pathology, gait or balance disorders. They were
all able to see adequately and follow instructions.
- Control group: (group 2) twenty normal adult individuals of
same age (with mean age = 48 years) and had no diagnosis
of type 2 DM.
Each subject received information about the study and gave
written consent to participate. The research was approved by
the ethics committee of the general organization of teaching
hospitals and institutes.4. Equipments
(1) Two Channel Audiometer (Interacoustics, model
AC40).
(2) Sound treated room (I.A.C model 1602).
(3) Middle ear analyzer (Interacoustics model Az26).
(4) Computerized Dynamic Posturography long forceplate:
(Neurocom version 4 Smart Balance Master).
(5) Spectrophotometer blood chemistry analyzer (Erba
Diagnostics-Chem 7 Germany.)
5. Testing procedures
All participants in this study were subjected to the following:
- Fasting blood glucose level determination (kit provided by
Human, Germany):
Glucose in the sample originates by means of the coupled
reactions described below, a colored complex that can be mea-
sured by spectrophotometry.
Glucoseþ 1=2O2 þH2O !Glucose oxides GlyconateþH2O
2H2Oþ 4 aminophenazoneþ phenol !peroxidase quinoneimine
þ 4H2O
Then they referred to audiovestibular assessment in the form
of:eters in both groups.
Latency (msec) Strength symmetry (scores)
150.785 ± 12.760 99.540 ± 14.541
135.70 ± 10.934 98.90 ± 10.545
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2) Otological examination
3) Basic audiological evaluation in the form of: Pure tone
audiometry, speech audiometry and acoustic immittance
testing, to exclude any hearing disorders that may affect
balance.
4) Computerized dynamic posturography (CDP):Tabl
Grou
Grou
Groua) Motor control test (MCT): It is designed to measure
the automatic postural responses elicited by trans-
lating the support surface in the horizontal direction
(forward and backward translations). The tested
subject stood quietly with eyes opened, facing the
visual surrounds, and tried to maintain balance.Figure 1 Mean of motor control and tandem walk test param-
eters in both groups.The measured parameters recorded were the response
latency (milliseconds), strength symmetry and response
strength (/s) following mechanical translation (100 and
500 Hz forward/backward). The composite MCT latency was
recorded as well.
- Weight symmetry: when the patient’s feet are properly
placed on the dual forceplate, weight symmetry scores near
100 indicate that the two legs are carrying equal weight.
Values to the right or left of the normal limits indicate that
a disproportionate amount of the body weight is being car-
ried by the right or left leg, respectively.
- Response latency: is deﬁned as the time in milliseconds
between the onset of forceplate translation and initiation of
the active force response in a leg. The overall or composite
response time is also provided and is the basis for determina-
tion of performance relative to the normative values.10,11
- Response strength symmetry: normal subjects demonstrate
a high degree of symmetry of response strengths for both
legs and both directions of translation. Because the neural
pathways innervating each leg and mediating backward
and forward movements are relatively independent, asym-
metries of strength can occur in many combinations.
b) Functional limitation assessment: Tandem walk: q-
uantiﬁes characteristics of gait as the patient walks
heel to toe from one end of the forceplate to the ot-
her. Measured parameters are step width, speed, and
endpoint sway velocity.
- Step width is the lateral distance in centimeters between the
left and right feet on successive steps.
- The speed is the velocity in centimeters per second of the
forward progression.
- The end sway is the velocity in degrees per second of the
anterior/posterior component of COG sway for 5 s begin-
ning when the patient terminates walking.12
Statistical analysis of results was carried out using SPSS
system (Statistical package for social sciences) (version16),
IBM Corporation, USA.e 2 Mean and standard deviation of tandem walk test parame
p Step width (cm)
p 1 8.385 ± 1.956
p 2 7.790 ± 2.9856. Results
In this research motor functions and postural sway in patients
with type 2 diabetes mellitus (DM) were evaluated and the
results were compared with those obtained from normal adult
subjects as a control group. Tables 1 and 2 show the mean and
standard deviation of motor control test and tandem walk test
parameters in both groups respectively. Fig. 1 shows the mean
of motor control and tandem walk test parameters in both
groups.
Independent sample test shows a statistically signiﬁcant dif-
ference between group 1 (study group) and group 2 (control
group) as regards response latency, speed of the forward pro-
gression and endpoint sway velocity. Speed of the forward pro-
gression was less, however response latency and endpoint sway
velocity were more in the study group (Table 3). A statistically
signiﬁcant correlation was found between response latency and
FBS level and between speed of the forward progression and
FBS level in the study group as shown in Tables 4 and 5,
respectively.
7. Discussion
This research showed that there is a statistically signiﬁcant dif-
ference between the study group and control group as regards
response latency, speed of the forward progression and endpoint
sway velocity. Speed of the forward progression was less, how-
ever response latency and endpoint sway velocity were more in
the study group. Jauregui-Renaud (2013) found that during
upright stance, compared to healthy subjects, recordings of
the center of pressure in patients with diabetic neuropathty have
shown larger sway as well as increased oscillation at 0.5–1 Hz,6
which were matched with our ﬁndings. George et al.’s. (2010)
ﬁndings suggest diabetes itself may negatively inﬂuence the pos-
tural control system and that peripheral neuropathy may not be
the sole cause of balance impairment in people with diabetes. In
addition to impaired postural control under static testing condi-
tions, they found that individuals with diabetes exhibited anters in both groups.
Speed (cm/sec) Endpoint sway (degrees/sec)
15.528 ± 1.338 4.528 ± 1.210
25.030 ± 7.931 2.880 ± 0.918
Table 3 Comparison between the study group (group 1) and control group (group 2) as regards motor control and tandem walk
parameters.
Parameter Mean diﬀerence P Value
Weight symmetry 1.774 0.293
Latency 15.085 0.019*
Strength symmetry 0.640 0.917
Step width 0.595 0.652
Speed 9.501 0.007*
Endpoint sway velocity 1.648 0.006*
Independent sample test shows a statistically signiﬁcant difference between group 1 and group 2 as regards response latency, speed of the
forward progression and endpoint sway velocity.
\ P< 0.05 is signiﬁcant.
Table 5 The Pearson correlation coefﬁcient in tandem walk test in the study group.
Parameter Step width Speed Endpoint sway velocity
Between measured parameters and FBS level r .157 .916* 0.631
P-Value 0.737 0.004* 0.129
Sig. NS S NS
A statistically signiﬁcant correlation was found between speed of the forward progression and FBS level.
\ P< 0.05 is signiﬁcant.
Table 4 The Pearson correlation coefﬁcient in motor control test in the study group.
Parameter Weight symmetry Latency Strength symmetry
Between measured parameters and FBS level r 0.457 0.893* 0.425
P-Value 0.069 0.007* 0.341
Sig. NS S NS
A statistically signiﬁcant correlation was found between response latency and FBS level.
\ P< 0.05 is signiﬁcant.
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tions. Clinicians should be aware that individuals with diabetes
at an early stage of the disease process when they do not yet have
peripheral neuropathy may have impaired balance, which may
place them at risk for a fall.13 The gait velocity, step length,
amplitude of ankle movement, ankle moments of force, power
and anterior–posterior ground reaction force variables are
smaller in diabetic patients with polyneuropathy, compared to
control subjects.14 These ﬁndings agreed with our results as
regards speed of the forward progression.
During posturography, compared to patients without neu-
ropathy, patients with diabetic polyneuropathy may show: lar-
ger area of sway and speed of sway,15,16 as well as larger center
of pressure range17 and increased oscillation at 0.5–1 Hz.18 In
this group of patients, the standing balance area of sway may
predict functional gait.19 The automatic postural responses are
the earliest functionally effective responses that mediate a per-
son’s active postural movements’ control in response to exter-
nal balance perturbations.20 They are mediated by peripheral
and central long latency pathways. Posture is also guided by
a mixture of programs and sensory feedback. Calculations of
these postural programs and this feedback are made ahead
of time in the CNS and are always corrected after comparison
to central and peripheral reports about reality.21
Nashner (1990) found that MCT automatic response
latencies showed signiﬁcant prolongation in the patient group
compared to the control group. The presence of prolongedMCT response latency translations as well as MCT composite
score with normal MCT response strength and the absence of
asymmetry in weight bearing indicate a pathological deﬁcit
within the long loop pathway mediating automatic postural
responses. The latter includes sensory and motor peripheral
nerves, the ascending and descending motor pathways, and
the motor regions of the brain and cerebral cortex.22
In the diabetic patient group, prolonged CMCT could be
due to central motor neuropathy. In addition, MEP amplitude
was signiﬁcantly lower than that of the control group. Taken
together, the combined low amplitude and prolonged CMCT
of the MEP response suggest the presence of central motor
pathway affection, whose underlying pathology may be com-
bined demyelination and loss of axons or neurons of the corti-
cospinal tract.23,24 This indicates the presence of subclinical
central motor changes in those patients as documented in
many studies.25,26 A recent study achieved by Mokhtar et al.
(2013) found that MCT automatic response latencies showed
signiﬁcant prolongation in the patient group compared to
the control group, this agreed with results of our study. The
presence of prolonged MCT response latency translations as
well as MCT composite score with normal MCT response
strength and the absence of asymmetry in weight bearing
indicate a pathological deﬁcit within the long loop pathway
mediating automatic postural responses. Response latency
and speed of the forward progression showed a statistically sig-
niﬁcant correlation with FBS level in the study group of this
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correlated with the any of the dynamic posturographic vari-
able.27 This was in agreement with several authors28,29 who
reported a lack of this association. It might not reﬂect cumula-
tive hazardous effects of diabetes mellitus on postural control.
This might explain the lack of this association. However, larger
sample size might demonstrate such relation.
8. Conclusions
- Speed of the forward progression was less, however
response latency and endpoint sway velocity were more in
diabetic patients in comparison with normal subjects.
- Response latency and speed of the forward progression
showed a statistically signiﬁcant correlation with FBS level
in diabetic patients.9. Recommendations
- Motor functions and postural sway testing should be
included in the assessment of diabetic patients in order to
detect any early changes.
- This will help in developing rehabilitation programs to
decrease risk of fall.References
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